Non-selective beta-blockers (NSBBs) are the mainstay of treatment for portal hypertension in the setting of liver cirrhosis. Randomised controlled trials demonstrated their efficacy in preventing initial variceal bleeding and subsequent rebleeding. Recent evidence indicates that NSBBs could prevent liver decompensation in patients with compensated cirrhosis. Despite solid data favouring NSBB use in cirrhosis, some studies have highlighted relevant safety issues in patients with endstage liver disease, particularly with refractory ascites and infection. This review summarises the evidence supporting current recommendations and restrictions of NSBB use in patients with cirrhosis.
Introduction
Almost 40 years ago, non-selective beta-blockers (NSBBs) emerged in the field of cirrhosis and portal hypertension (PH), as propranolol was shown to prevent recurrent variceal bleeding. 1 For the following 3 decades, several randomised controlled trials (RCTs) demonstrated the efficacy of NSBBs for preventing primary and secondary bleeding from oesophagogastric varices [2] [3] [4] [5] and portal hypertensive gastropathy (PHG). 6 Additionally, NSBBs reduce bacterial translocation and the risk of spontaneous bacterial peritonitis (SBP), and increase survival independent of bleeding events. 7, 8 NSBBs have also been suggested to decrease the risk of hepatocellular carcinoma. 9 Interestingly, at the time of the first publication in 1980, a letter alerted readers to potentially severe hypotension induced by NSBBs in patients with ascites related to their effect of on the reninangiotensin system. 10 However, the tide began to turn on NSBBs 30 years later when Sersté et al. suggested that patients with refractory ascites on NSBBs could have increased mortality. 11 This has led to a discussion on the safety of NSBBs in patients with ascites, infection or renal injury. Since then, a plethora of mostly observational data emerged and gave rise to the "therapeutic window" hypothesis, which questioned NSBB use in early cirrhosis without medium-large varices and cautioned to avoid them in patients with endstage liver disease and refractory ascites. 12 This controversy has been tempered as more recent and larger studies support the safety of NSBBs in most indications, provided they are used carefully. The scenario has been further changed by the introduction of a new NSBB, carvedilol, which has a greater effect on reducing portal pressure than traditional NSBBs and has significant clinical benefit in new indications in compensated cirrhosis. 13 However, data on how well carvedilol is tolerated compared with traditional NSBBs requires further assessment. Furthermore, in the last 5 years, various studies have demonstrated the safety and survival benefit of NSBB use in decompensated cirrhosis, putting into question some of the current guideline recommendations.
Two systematic searches on Medline and Embase were performed to assess i) the efficacy of NSBBs in patients with cirrhosis and PH and ii) the role of NSBBs on mortality in patients with decompensated liver cirrhosis. This review aims to provide a balanced summary of the existing evidence on the indications for and the potential limitations of beta-blockers in cirrhosis.
Brief overview of the pathophysiological basis for using beta-blockers in cirrhosis
Portal venous pressure increases in the setting of liver cirrhosis, first, due to increased resistance to portal blood inflow at the hepatic circulation. This has a mechanical component related to distortion of liver microvascular architecture and a dynamic component related to endothelial dysfunction, which results in decreased availability of endogenous vasodilators, mainly nitric oxide (NO), and increased release of vasoconstrictors (prostanoids, endothelins and angiotensin), leading to an increased hepatic vascular tone. At a later stage, portosystemic collaterals develop because of 1 Swiss Liver Center, UVCM, Inselspital, Bern University Hospital, Department of Biomedical Research, University of Bern, Bern, Switzerland dilatation of pre-existing vascular conduits caused by increased portal pressure, as well as vascular endothelial growth factormediated angiogenesis.
14 This heralds splanchnic vasodilation with increased blood inflow to splanchnic organs and the portal system. Splanchnic vasodilation leads to systemic vasodilation; the ensuing effective hypovolemia triggers expansion of the plasma volume and increases the cardiac output. This hyperkinetic circulation further increases the blood flow to splanchnic organs, which contributes to an additional increase in portal pressure.
The effects of NSBBs are summarised in Fig. 1 . NSBBs, via b1-adrenergic blockade, reduce heart rate and cardiac output with a decrease in flow of about 20%. Whereas via b2-adrenergic blockade, NSBBs cause splanchnic vasoconstriction due to unopposed adrenergic tone, with a subsequent additional decrease in portal-collateral blood flow of about 15%, for a total 35% reduction in portal venous inflow. This is the mechanism by which NSBBs decrease the portal pressure by approximately 15%. Via an unopposed adrenergic tone, NSBBs cause a mild increase in peripheral and hepatic resistance, which explains why patients under NSBB do not develop arterial hypotension and why the effect on portal pressure is relatively mild. Carvedilol is a NSBB that has an intrinsic anti-a1 adrenergic effect, which causes intrahepatic vasodilatation and further decreases portal pressure. Although carvedilol is more effective in reducing hepatic venous pressure gradient (HVPG) than propranolol or nadolol, at relatively high doses (over 25 mg/d) it may decrease mean arterial pressure (MAP). 15 At low doses (6.25-12.5 mg/d) carvedilol does not cause hypotension but decreases portal pressure significantly more than propranolol. Low doses cause only a moderate decrease in cardiac output and heart rate. This could explain why carvedilol has been better tolerated than therapeutic doses of propranolol, established after titration according to heart rate, arterial pressure and clinical tolerance. 13 Clinical benefit from NSBBs stems from a significant reduction in the portal pressure gradient, determined clinically at hepatic vein catheterisation as the HVPG. The gradient must decrease by at least 10% of baseline (preferably by at least 20%) or below 12 mmHg to prevent first variceal bleeding (or liver decompensation). 16 To prevent rebleeding, it should drop by at least 20% or below 12 mmHg. 2, 13, [17] [18] [19] [20] Although this is achieved in about 50% of patients receiving propranolol, 21 the proportion of responders increases to about 75% when using carvedilol (even in propranolol non-responders). 19 Satisfactory responses to NSBBs are associated with a decreased risk of bleeding, as well as a lower risk of ascites, SBP, hepatorenal syndrome (HRS) and a better survival rate, 
Key points
Non-selective beta-blockers (NSBBs) are the established cornerstone of treatment for prevention of first bleeding and rebleeding of oesophageal varices in patients with cirrhosis.
NSBBs include propranolol, nadolol, and timolol. Carvedilol is a new NSBB that is increasingly used; it has a greater portal pressure reducing effect than propranolol and is safe in patients with compensated and decompensated cirrhosis.
New trials should focus on NSBBs for the prevention of decompensation (ascites) in compensated cirrhosis and prevention of mortality and liver transplantation in decompensated cirrhosis.
Fixed doses of NSBBs are discouraged. Rather, the dose should be titrated individually. Adherence and doses of NSBBs should be revaluated whenever there are significant changes in the clinical condition of the patient, especially low blood pressure.
Refractory ascites, spontaneous bacterial peritonitis and acute-onchronic liver failure are not contraindications for NSBB treatment. Doses should be carefully tapered, with a temporary reduction or discontinuation in patients who develop signs of decreased organ perfusion or significant hypotension. Re-initiation and titration of NSBBs should be performed once the acute event is resolved.
reflecting a favourable impact on the natural history of the disease; this is one of the advantages of NSBBs compared to endoscopic therapy. The level of evidence for NSBB use in the main indications of cirrhosis is summarised in Fig. 2 .
Indications Prevention of first variceal bleeding (primary prophylaxis)
Patients with high-risk varices and compensated cirrhosis Currently, NSBBs and endoscopic band ligation (EBL) are considered equally effective in preventing first bleeding in patients with high-risk varices, [22] [23] [24] i.e. medium to large varices or small varices with red wale marks or in patients with decompensated cirrhosis (Child-Pugh B/C). 22, 25 NSBBs are favoured over endoscopic therapy in patients with small, high-risk varices, given the size of the varices. 22 In patients with compensated cirrhosis and high-risk varices, the primary goal of therapy is not limited to bleeding prevention (that is not the most common event), but must also focus on preventing decompensation of cirrhosis (ascites, variceal bleeding or hepatic encephalopathy). However, the vast majority of studies were only designed to evaluate reductions in the risk of haemorrhage and subsequent bleeding-related death. Moreover, most studies included both compensated and decompensated patients. As stated above, it is now preferred to consider therapy according to the stage of the disease; treating compensated patients to prevent decompensation and decompensated patients to prevent liver transplantation and death.
Considering this, pharmacological therapy may be a better approach than endoscopic treatment, given its ability to prevent decompensation. It is well known that ascites may be prevented in haemodynamic responders to NSBBs, 13 while this is not possible with endoscopic treatments.
NSBBs are effective in preventing first bleeding event in patients with cirrhosis, independent of disease severity. 26 In 1999, a meta-analysis of RCTs selected 8 studies including patients with medium-large varices. This meta-analysis compared NSBBs (propranolol/nadolol) to placebo or nonactive treatment and demonstrated a clear reduction in absolute risk of bleeding and bleeding-related mortality, but not overall mortality. 27 The absolute risk reduction of first variceal haemorrhage within 2 years of follow-up was −10% in patients with NSBBs vs. placebo. A small decline in absolute mortality rate, of −4% was found, approaching statistical significance. When the analysis was stratified to patients with high-risk varices, the bleeding rate in treated patients diminished significantly, by −16%.
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In 2012, a meta-analysis of 19 trials suggested that EBL was slightly superior to NSBBs for primary prophylaxis of variceal bleeding (risk ratio [RR] 0.67; 95% CI 0.46-0.98; p = 0.037). However, on further analysis, no significant differences were found either in bleeding-related or overall mortality compared with NSBBs in high-quality trials. Complications or side effects associated with EBL are less frequent, but more severe and potentially fatal. 28, 29 Regarding carvedilol, the first RCT comparing carvedilol to EBL 30 reported that carvedilol had lower rates of the first variceal bleed (10% vs. 23%, p = 0.04), with no significant differences in overall mortality (35% vs. 37%, p = 0.71), and bleeding-related mortality (3% vs. 1%, p = 0.26), but did not report data on other events. Thirty percent of patients in both arms dropped out and per-protocol analysis revealed no significant differences in outcomes; in addition, the study was underpowered. Another study showed that, in propranolol non-responders, carvedilol could effectively decrease HVPG; during a 2-year follow-up, bleeding rates for propranolol were 11% compared to 5% with carvedilol and 25% with EBL (p = 0.04). 19 A further trial in Pakistan showed that both EBL and carvedilol monotherapy groups had comparable variceal bleeding (8.5% vs. 6.9%), bleeding-related mortality (4.6% vs. 4.9%) and overall mortality rates (12.8% vs. 19.5%), respectively. 31 An additional study comparing EBL vs. propranolol and carvedilol showed comparable rates of bleeding prevention. 32 Again, these studies provide no data on prevention of other complications of PH. Presently, there is still insufficient data showing superiority of either EBL or carvedilol therapy in primary prevention of bleeding. The ongoing CALIBRE multicentre UK trial is designed to compare carvedilol to EBL in prevention of bleeding. 33 These results are awaited, particularly regarding impact on preventing other liver-related complications.
A network meta-analysis using data combining direct and indirect evidence from 32 RCTs including 3,362 patients with Side effects were more common with NSBBs, leading to 10-13% rates of treatment discontinuation, but almost all of the serious adverse events were related to EBL. 34 Six RCTs within this meta-analysis compared combined EBL or ISMN and NSBBs to monotherapy and demonstrated that combination therapy significantly reduced first variceal bleeding compared with placebo (OR 0.34; CI 0.14-0.86). However, in the trials of combined therapy, adverse events were reported in 59% of patients receiving a combination of EBL and NSBBs, in 51% of patients receiving carvedilol monotherapy and ranged between 20-24% for those receiving other NSBBs or EBL or ISMN or combined NSBB+ISMN. 34 The 2 existing trials on combined endoscopic and NSBB therapy vs. monotherapy showed no added benefit. 7, 35 In 2017, a multicentre RCT from Korea reported that propranolol + EBL was more effective for primary prophylaxis in patients with high-risk varices. Moreover, combination therapy was more effective in the prevention of variceal recurrence after EBL eradication. Adverse event rates were not described. 36 It is still unclear whether combination therapy is more effective and safer for primary prophylaxis. Although current guidelines recommend either NSBBs or EBL as equivalent therapies for primary prophylaxis, recent evidence shows that NSBBs in patients with compensated cirrhosis and clinically significant portal hypertension (CSPH) can prevent first decompensation, namely ascites. Thus, since EBL is not likely to prevent ascites, NSBBs are emerging as the preferred option. 13 Patients with high-risk varices and decompensated cirrhosis The potential limitations of NSBBs in end-stage cirrhosis will be discussed later in a dedicated section. There is firm data supporting NSBB use in the prevention of first variceal bleeding event in both patients with and without ascites. An individual patient meta-analysis of 4 RCTs showed that NSBBs effectively prevent the first episode of variceal bleeding and reduce bleeding-related mortality independently of cirrhosis stage. 26 The 2-year bleeding rate was reduced by 9%. The risk decrease was observed in patients with ascites (−14%) and without ascites (−15%). According to the log-rank test on Kaplan-Meier cumulative estimates, the reduction in first bleeding episode was statistically significant (from 41% to 27%, p = 0.002). 26, 27 Furthermore, a meta-analysis on prevention of first bleeding and rebleeding analysed both patients with cirrhosis with and without ascites, who responded to treatment with NSBB (based on reductions in HVPG), and demonstrated a reduced risk of liver-related events, death, or liver transplantation. 37 Following 2 observational studies, concerns regarding betablocker use in the context of ascites 11 or SBP 38 were raised. Since then, various studies questioned the validity of the findings and showed that in decompensated patients NSBB use improved survival [39] [40] [41] [42] [43] or showed no difference. 41 A retrospective study of 264 propensity score matched patients under carvedilol use and decompensated cirrhosis, showed increased survival in the carvedilol group vs. non-carvedilol groups (24% vs. 2%, p <0.0001). The long-term survival was significantly better in the carvedilol than the non-carvedilol group (log-rank p <0.001). 44 Prevention of the formation or growth of varices (preprimary prophylaxis) Patients with no varices or non-high-risk varices and compensated cirrhosis Presently, there is not enough evidence to support the use of NSBBs to prevent the development or growth of varices in patients with cirrhosis without varices or with small varices without red wale signs. One French study evaluated the effect of propranolol on preventing the development of large oesophageal varices over 2 years in patients with or without small varices. 45 More than twice the patients assigned to propranolol developed varices compared to placebo, but one-third of the patients were lost to follow-up, in addition to those who suspended therapy because of intolerance. Bleeding and mortality rates were similar. A multicentre, single, double-blind RCT of timolol vs. placebo showed that, after 55 months, 39% and 40% of patients in the timolol and placebo groups, respectively, developed varices. Additionally, adverse events were more frequent in the timolol group. However, the study disclosed that the development of large varices, variceal bleeding, ascites, encephalopathy, and death did not occur when HVPG remained below 10 mmHg, and that varices developed much less frequently when HVPG was decreased by over 10% of baseline. A therapeutic benefit of timolol in preprimary prophylaxis could not be established. 46 Among possible causes are sample size distribution and inclusion of patients without CSPH (HVPG <10 mmHg). Around 50% of the patients did not have CSPH and, thus, had not fully developed a hyperdynamic circulatory state. At this stage, the effect of propranolol on portal pressure has been shown to be almost negligible. 47 More recently, Sarin et al. showed that in patients with cirrhosis and small oesophageal varices, NSBBs were unable to prevent the growth of varices, variceal haemorrhage, or mortality. 48 In contrast, 2 studies showed evidence in favour of betablockers to delay growth of small varices. One RCT comparing nadolol to placebo reported cumulative risks of variceal progression in 20% vs. 51%, for the nadolol and placebo groups, respectively. The cumulative probability of variceal bleeding was also lower in patients randomised to nadolol (p = 0.02). Survival was not different and adverse effects resulting in withdrawal were more common in the nadolol group. 49 Carvedilol was tested in another RCT against placebo to assess the delay in small varices progression; this study showed that 79% of patients in carvedilol group vs. 61% of patients in placebo group were free from progression to large varices (p = 0.04). No differences were found regarding bleeding events, mortality or adverse side effects. 50 A meta-analysis of 6 RCTs including patients with no or small varices found no significant benefit for NSBBs compared to placebo for the prevention of large varices, first variceal bleeding and death. 51 Overall, the evidence is conflicting regarding an impact of beta-blockers on slowing the progression of small varices to large varices in patients with cirrhosis. At this stage, treatment should be centred on eliminating or controlling the cause of liver disease to attempt regression of architectural changes and reduction of intrahepatic resistance. Furthermore, it is currently accepted Review that at such an early stage, treatment in patients with compensated cirrhosis should be aimed at preventing a first episode of clinical decompensation, the most frequent being ascites.
Prevention of decompensation
Data from trials demonstrating the effect of NSBBs on the prevention of clinical decompensation were non-existent. Previous trials illustrated that decompensation risk was concentrated almost exclusively in patients with a baseline HVPG > − 10 mmHg, the threshold defining CSPH. 52 Moreover, patients with CSPH exhibit a greater HVPG response to NSBBs than those without, suggesting that NSBBs may be an effective option to prevent decompensation, and that compensated patients with CSPH, but without high-risk varices, would be the ideal population to test this hypothesis.
The PREDESCI trial, a multicentre, double-blind, RCT adopted this set-up and investigated whether long-term treatment of patients with compensated cirrhosis and CSPH with NSBBs might prevent progression to clinical decompensation or death. Patients developing moderate-large varices in both arms received EBL. This is the first RCT to show that long-term treatment with NSBBs decreases clinical decompensation or liver-related death by half. This was mainly due to decreased rates of ascites, which is the most common decompensating event and for which there was previously no effective preventive drug therapy. There were no differences in the bleeding incidence in the study, probably due to the use of EBL in patients developing high-risk varices. One likely explanation is that the study showed that NSBBs, but not placebo, significantly reduced the HVPG at each yearly control, and that reductions of at least 10% from baseline or to below 10 mmHg conferred marked protection from decompensation and death during follow-up. 13 Prevention of rebleeding and death (secondary prophylaxis) The main goal of treating patients with cirrhosis after an acute variceal haemorrhage, as first decompensating event, has been to prevent recurrent variceal bleeding. However, these patients very frequently show additional manifestations of decompensation, such as ascites or hepatic encephalopathy, and have a poor prognosis. Thus, since Baveno VI, the aim of therapy in these cases should be liver transplantation and death prevention, while decreasing further decompensation rates would represent a secondary endpoint. Nonetheless, to date, trials have aimed primarily at recurrent variceal bleeding prevention, so the available data on outcomes, as per Baveno VI, are limited. Baveno VI recommends a combination of NSBBs (propranolol or nadolol) and EBL for rebleeding prevention. 22 A meta-analysis of 12 RCTs comparing NSBBs vs. placebo showed a mean absolute reduction of rebleeding of 21% in the NSBB group. 53 Nine RCTs comparing propranolol and sclerotherapy were analysed. Sclerotherapy was more effective in preventing variceal rebleeding, but with significantly higher adverse event rates, and no difference in survival rates. 53 In a meta-analysis, the combination of NSBBs and low-dose ISMN was not significantly better than NSBBs alone, but had a higher rate of adverse events. 54 In 2012, a meta-analysis of 9 trials assessed the effects of EBL plus NSBBs±ISMN vs. monotherapy (EBL or NSBBs±ISMN) for secondary prevention of recurrent bleeding. Combination therapy reduced mortality related to rebleeding (RR 0.52; number needed to treat = 33) and the risk of recurrent bleeding from oesophageal varices (RR 0.68; number needed to treat = 8). 9 Four trials comparing drugs alone (NSBB+ISMN) or associated with EBL, including 409 patients, demonstrated that variceal rebleeding decreased with combined therapy (p <0.01), but rebleeding from oesophageal ulcers increased (p = 0.01). Overall, there was a trend towards lower rebleeding (RR 0.76; 95% CI 0.58-1.00) without significant effects on mortality (RR 1.24; 95% CI 0.90-1.70). Combination therapy (NSBB+ISMN) was only slightly more effective than drug monotherapy. 55 An individual patient data meta-analysis of 7 trials comparing combined EBL + NSBB vs. monotherapy (either NSBBs or EBL) showed that compared with EBL alone, EBL + NSBB reduced rebleeding in both Child-Pugh A and B/C patients, with a significant reduction in mortality in Child-Pugh B/C patients (incidence rate ratio [IRR] 0.46; 95% CI 0.25-0.85), whereas NSBBs alone performed as well as combination therapy. This study highlighted the independent role that NSBBs play in modifying survival, particularly in patients with advanced liver failure (Child-Pugh B/C). 56 Thus, it has been suggested that patients with contraindications or who cannot tolerate NSBBs should be considered for transjugular intrahepatic portosystemic shunt (TIPS), particularly in the presence of another indication, i.e. difficult to treat or refractory ascites.
Regarding carvedilol, 1 trial compared the safety and efficacy of carvedilol to nadolol plus ISMN in preventing variceal rebleeding. The treatments were equally effective with similar mortality rates, but the carvedilol group had significantly less adverse events (3% vs. 46%, p <0.0001). 57 A multicentre RCT with 64 patients compared carvedilol and EBL and reported no difference for rebleeding and a trend towards reduced mortality for carvedilol (27% vs. 52%, p = 0.110). 58 More recently, a metaanalysis compared the efficacy and safety of carvedilol plus EBL vs. traditional NSBBs plus EBL in preventing variceal rebleeding. Carvedilol decreased rebleeding rates (p <0.001) and drug-related adverse events (p <0.001) more than traditional NSBBs. No difference was noted with respect to mortality. Nevertheless, these findings must be interpreted cautiously given the overall suboptimal quality of the eligible studies and the lack of HVPG. 59 Gastric and ectopic varices Gastric and ectopic varices are particularly more frequent in presinusoidal PH compared to patients with cirrhosis. Thus, RCTs are scarce and include small samples and patients with differing disease states: either with or without cirrhosis, or with gastric and oesophageal varices. Therefore, the degree of evidence is much less firm than in patients with cirrhosis.
Gastroesophageal varices type 1 (GOV1) are the most common (around 75% of gastric varices) and are oesophageal varices extending below the cardia into the lesser curvature. These are most frequently associated with bleeding, although less severe than cardiofundal variceal bleeding, and are managed like oesophageal varices. 22 GOV type 2 (GOV2) extend to the fundus and tend to be longer and more tortuous. Isolated gastric varices type 1 (IGV1) are located in the fundus, while IGV type 2 are found elsewhere in the stomach. Cardiofundal varices (GOV2 and IGV1) bleed less frequently, but are generally more severe, more difficult to control and show a higher risk of bleeding recurrence and mortality compared to oesophageal varices.
60,61
Prevention of first bleeding The 2 most widely used treatments in this context are NSBBs and endoscopic variceal obliteration with tissue adhesive injection. Solid data from RCTs is too scarce to demonstrate superiority of cyanoacrylate variceal obliteration over NSBBs. One RCT reported a higher rate of first bleeding episodes in patients with cardiofundal varices (GOV2 and IGV1) in the group treated with NSBBs compared to cyanoacrylate injection (38% vs. 10%, p = 0.003), with similar survival rates (83% vs. 74%, p = 0.113). 62 Guidelines advocate NSBBs for primary bleeding prophylaxis of GOV2 and IGV1 based on a potential lower risk of complications and the possibility of clinical decompensation prevention. GOV1 varices should be treated per guidelines for oesophageal varices (either NSBBs or EBL).
22,23
Management of acute bleeding and prevention of rebleeding Medical treatment of acute bleeding from gastric varices is similar to oesophageal varices, except that the preferred endoscopic therapy for gastric varices is variceal obliteration with endoscopic cyanoacrylate injection. 23 Assessment is complicated by the fact that many studies have small samples and include patients with GOV1 varices and different aetiologies of PH, including some patients with extrahepatic portal vein occlusion or idiopathic PH. A single RCT with 95 patients concluded that adding NSBBs provided no additional benefit to obliteration with cyanoacrylate for the prevention of rebleeding and mortality. 63 Nevertheless, the study was powered to assess a 25% absolute decrease in risk of rebleeding, so a smaller reduction in absolute risk of bleeding could not be ruled out. One small trial compared TIPS to cyanoacrylate injection in 72 patients; TIPS proved more successful in preventing rebleeding from gastric varices, without significant differences regarding survival and adverse events. 64 However, TIPS might not be possible in some of the patients with extrahepatic portal vein occlusion. In these cases, other forms of percutaneous radiological intervention procedures, such as balloon-occluded retrograde transvenous obliteration of gastric varices, and variants of the technique, may be lifesaving. However, a detailed discussion of these procedures is beyond the scope of the current review.
Bleeding from ectopic varices is very rare in cirrhosis, but is more frequent in patients with extrahepatic portal vein occlusion, overall representing between 1 and 5% of all gastrointestinal haemorrhage in patients with PH. [65] [66] [67] Ectopic varices are dilated portovenous vessels located outside of the oesophagus or the stomach. Anatomic mapping is essential and the heterogeneity in localisation limits the implementation of standard treatment. Current treatment options include endoscopic therapy, mostly with cyanoacrylate injection or endosonographic coil placement, TIPS with or without embolisation, and balloonoccluded retrograde transvenous obliteration. 24 There is no data from controlled trials assessing the role of NSBBs in patients with ectopic varices.
Portal hypertensive gastropathy
Data is lacking regarding beta-blockers for primary prophylaxis of bleeding from PHG. 68 Two previous studies demonstrated a reduced risk of PHG in patients under NSBBs compared to those treated only with EBL for bleeding prophylaxis. 69, 70 One study compared carvedilol vs. propranolol vs. EBL for primary prevention of variceal bleeding, and studied the effect of each treatment on PHG after 1 year. The carvedilol and propranolol groups had a lower risk of PHG compared to those under endoscopic therapy. 32 In patients with previous acute or chronic bleeding, the benefit of beta-blockade is more established. Current guidelines recommend NSBBs as first line therapy in preventing recurrent bleeding from PHG. 22 An RCT in patients with cirrhosis and PHG reported PHG-associated rebleeding rates of 65% in controls vs. 38% in patients under propranolol (doses 40-320 mg/d) (p <0.05). At 30 months, over 50% of patients on propranolol did not experience rebleeding compared to less than 10% of controls. 6 An earlier, smaller study involving 38 patients with PHG (14 with acute bleeding and 24 with nonbleeding PHG) described a decrease in the incidence of rebleeding and a reduction in PHG with propranolol. 71 Acute bleeding associated with PHG is rare. A multicentre study reported a 2.5% rate of acute PHG-related bleeding during a mean follow-up period of 18 months. 72 The evidence supporting NSBBs during bleeding events is very scarce. 71 Current guidelines advocate beta-blockers for secondary prophylaxis after adequate bleeding control with faster-acting vasoactive drugs. 22 Beta-blocker contraindications, dosage and side effects Contraindications and dosage Absolute or relative contraindications for NSBBs are present in around 15% of patients because of coexisting conditions and, in another 15%, dose reduction or withdrawal may be necessary because of adverse effects 73 (Box 1). These limitations should not discourage patients and clinicians from using NSBBs for the indications previously described, given the firm evidence of their efficacy in cirrhosis and PH (Table 1) .
Although limited data shows that there is no correlation between the decrease in HVPG and a decrease in heart rate, 74 current clinical practice recommends an approximate 25% decrease in heart rate as evidence of adequate beta-adrenergic blockade with NSBBs. It is usually advised that NSBBs be titrated until the maximum tolerated dose, provided the systolic blood pressure remains above 90 mmHg and heart rate above 55 bpm. Specific data on titration, frequency of administration, and maximum doses for each NSBB are provided in Table 2 . Once started, NSBBs should be maintained for life. According to Baveno I-VI, no endoscopic surveillance is required once patients have achieved a stable maintenance dose.
Side effects
NSBBs can have a negative impact on a patient's quality of life. This is mainly due to adverse effects such as worsening fatigue, reduced exercise capacity and sexual dysfunction. These symptoms are unspecific and can be attributed to cirrhosis or depression. Therefore, dose reduction or switch to another NSBB (for instance, carvedilol if the patient was on propranolol or nadolol) is recommended rather than discontinuing therapy. After initiating NSBBs, they should be revaluated periodically as intolerance or contraindications can develop later on. It is currently unknown which threshold of blood pressure and/or heart rate and cardiac output reduction can be considered safe, particularly in patients with decompensated cirrhosis. Specific studies examining this issue are warranted, although it is clear that adverse events are dose related. Table 2 indicates the dose limits for each beta-blocker. Furthermore, since propranolol is exclusively metabolised by the liver, the dose should be reassessed for tolerance when liver failure progresses in a given patient.
Potential limitations Ascites and refractory ascites
In an observational study, Sersté et al. questioned the use of NSBBs in 151 patients with advanced cirrhosis and suggested that NSBBs decreased survival in patients with refractory ascites. 11 However, a more severe underlying liver disease, higher bilirubin, lower serum sodium, higher prevalence of Child-Pugh class C, and higher prevalence of high-risk varices in the group with NSBBs might justify these differences. Subsequent studies provided evidence on the safety of NSBBs for patients with refractory ascites. 39, 40, 44, [75] [76] [77] [78] [79] [80] The deleterious effect of NSBBs reported by Sersté et al.
11,81 could also have been related to high doses of propranolol: nearly half of the patients were receiving 160 mg/d (and 7 out of 10 patients in the consecutive crossover study). A nationwide study based on Danish registers evaluated 3,719 patients with cirrhosis and ascites. Propranolol doses >160 mg/d were associated with higher mortality than doses <160 mg/d. 40 Since propranolol is metabolised exclusively by the liver, its dose should be restricted in advanced cirrhosis. These patients should probably not receive propranolol doses >80 mg/d. 78 As for carvedilol, high doses (over 25 mg/day) were associated with worse outcomes in patients with refractory ascites. [42] [43] [44] 77, 80 As already stated, the recommended dose of carvedilol for PH is 6.25-12.5 mg/day, as increasing the dose does not enhance the fall in portal pressure but may cause systemic hypotension. Only the presence of concomitant arterial hypertension in well-compensated cirrhosis -something increasingly observed due to the increased prevalence of nonalcoholic fatty liver disease -justify the use of higher doses of carvedilol in order to correct both the arterial and the PH. A recent study retrospectively assessed the interaction between NSBBs and cardiac function on outcomes in patients on a transplant waiting list (n = 584), which included 32.5% of patients with refractory ascites. The study showed that refractory ascites and NSBB use in patients with compromised cardiac reserve (lower left ventricular stroke work index <64.1 g.m/m 2 ) were associated with increased waiting list mortality in the overall group of patients. Nevertheless, the effect of NSBBs on mortality in the subset of patients with refractory ascites was not addressed. 82 Table 3 summarises studies on NSBB use in patients with ascites and refractory ascites. Attention will be focussed on the most recent and largest studies. Bossen et al. did not find differences in survival between patients taking or not taking NSBBs in a post hoc analysis of 1,198 patients with cirrhosis and ascites (588 with refractory ascites). 76 Patients with systolic blood pressure <80 mmHg or creatinine >150 lmol/L were not included in the study, which may have increased the perception of safety of NSBBs. Bhutta et al. retrospectively analysed prospective data from 717 hospitalised patients with cirrhosis and ascites, including 366 (51%) patients with refractory ascites, revealing no association between NSBBs and a worse outcome. 77 Aligned with the aforementioned studies, a retrospective study of 2,419 patients studied the impact of NSBBs on inhospital mortality. Patients were classified according to the presence of varices, ascites or both. In a multivariable model, NSBBs were significantly associated with increased survival, and indicated a survival benefit in all groups of patients, including those with severe ascites. These results were confirmed in a propensity score matching of a subgroup of 865 patients. 39 Onali et al. 79 analysed a retrospective cohort of 316 patients with cirrhosis and ascites considered for liver transplantation (40% with refractory ascites). Patients were classified according Regarding studies including carvedilol, Leithead et al. evaluated 322 patients with ascites listed for liver transplantation and found a significantly lower waitlist mortality in NSBB users. 42 The subgroup of patients receiving carvedilol (median dose 6.25 mg/d) had a mortality risk between those on propranolol and those not receiving NSBBs. Sinha R et al. 44 analysed 264 patients with cirrhosis and ascites, 132 treated with carvedilol (median dose 12.5 mg), showing that long-term use of carvedilol was associated with a 41% mortality reduction in patients with mild ascites. In the subset of patients with moderate or severe ascites, carvedilol did not reduce mortality, but ARD, absolute risk difference; EBL, endoscopic band ligation; IRR, incidence rate ratio; ISMN, isosorbide mononitrate; NNH, number needed to harm; NNT, number needed to treat; NSBB, non-selective beta-blocker; OR, odds ratio; RR, risk ratio; SCL, sclerotherapy. Table 2 . Appropriate dosing, targets and follow-up of available NSBBs for prevention of first bleeding episode in patients with high-risk varices and liver cirrhosis. did not worsen prognosis. In the most recent study, 624 patients with ascites were analysed retrospectively. 80 Patients receiving NSBBs had a significantly higher 28-day transplant-free survival than patients not receiving NSBBs (p = 0.014). Results did not differ between patients on propranolol (median 30 mg/d) and those on carvedilol (median 12.5 mg/d). These results support that carvedilol at low doses (6.25-12.5 mg/d) is safe in patients with decompensated cirrhosis. In a more detailed analysis, the beneficial effect of NSBBs on survival was attenuated in patients with a low MAP (<82 mmHg) and was absent in patients with ascites and a MAP <65 mmHg; moreover, the latter group had increased rates of renal impairment. Thus, despite the benefits of NSBBs, patients with hypotension should be closely monitored and NSBB dose reduced or withdrawn if hypotension is severe.
Beta-blocker
Three recent meta-analyses of the mostly observational studies previously mentioned further concluded that NSBB use is not associated with increased mortality, including patients with mild and refractory ascites. [83] [84] [85] There was significant heterogeneity across these studies. In summary, current evidence from observational studies does not support withdrawing NSBBs in patients with ascites or refractory ascites. [76] [77] [78] Indeed, most studies observed a benefit, with increased survival in patients with refractory ascites treated with NSBBs. 39, 40, 75, 79, 80 At Baveno VI, when part of the aforementioned data was still unavailable, it was recommended that the NSBB dose should be reduced or discontinued in the case of hypotension (systolic blood pressure <90 mmHg), hyponatremia (serum sodium <130 mEq/L) or the development of acute kidney injury (AKI). 22 It was further suggested that discontinuation of NSBBs should be temporary and that they should be carefully reinstated after resolution of the event.
Current EASL guidelines recommend that propranolol should not exceed daily doses >80 mg/d based on observational data (23) . Although they do not recommend carvedilol in patients with ascites, several recent studies have emerged to support its use and safety at low doses (6.25-12.5 mg/d) in these patients. [42] [43] [44] 77, 80 In light of the available evidence, in patients with refractory ascites, carvedilol can probably be used safely at low doses (6.25-12.5 mg/day), provided the patient maintains a systolic blood pressure over 90 mmHg. Nevertheless, the limits both for doses and for "safe" circulatory parameters are not currently evidence based, so further prospective studies assessing NSBB use in patients with decompensated liver cirrhosis are still warranted to ascertain whether adverse effects are related to dosage or mainly depend on haemodynamic factors.
Spontaneous bacterial peritonitis
In a retrospective study including 607 patients at their first paracentesis, Mandorfer et al. 38 analysed 182 patients at the first diagnosis of SBP, suggesting that NSBB use was associated with poor outcomes in the subgroup of patients with SBP. These patients had more episodes of HRS and AKI, and decreased transplant-free survival. However, in this study, the subset of patients with SBP taking NSBBs also had higher total bilirubin levels and lower arterial blood pressure, as well as including a higher proportion of patients with Child-Pugh C cirrhosis. It is entirely speculative to ascribe NSBB use to the increased mortality rate, since this could well reflect end-stage liver disease, severe infection or a combination of different non-identified factors. In contrast, other studies failed to confirm a worse prognosis of patients under NSBBs. 43, 76, 77 Bang et al. 40 analysed the largest series, with 361 patients with SBP and reported that NSBB use was associated with increased survival. Moreover, among patients with severely decompensated cirrhosis, NSBBs were associated with a lower risk of developing SBP. Thus, the data is controversial and no firm conclusions can be obtained. However, it is wise to carefully assess patients with SBP if they are receiving NSBBs and reduce their dose or stop their administration in cases of severe hypotension or severe AKI. Of note, NSBBs decrease the incidence of SBP, so they should not be prohibited in patients with ascites, even in those with previous SBP episode(s). 8 Acute-on-chronic liver failure Patients with ACLF present an inflammatory status that can be associated with renal failure and circulatory dysfunction, so a concern was raised with regards to NSBB use since these patients frequently have sepsis or AKI. Nevertheless, 43 a subanalysis of the CANONIC study with 349 hospitalised patients with ACLF, showed that NSBB administration improved 28-day survival in patients with ACLF. A potential mechanism could be increased gut motility and reduced bacterial translocation known to be caused by beta-blockade, which in turn may decrease systemic inflammation. More recently, Tergast et al. 80 reported better survival in 254 patients with ACLF under NSBBs. NSBB use remained a positive prognostic factor after adjusting for potential confounders in a multivariate model, while early interruption of NSBBs was associated with lower 28-day transplant-free survival. Consequently, there is no evidence for NSBB withdrawal in ACLF. Table 3 describes the results, strengths and limitations of most recent studies for and against NSBB use in refractory ascites, SBP and ACLF in advanced cirrhosis. Most of the evidence comes from observational studies, as no specific RCT of NSBB use has been carried out in these scenarios. As a result, these studies are prone to many potential biases: short follow-up duration (median 28 days to 27 months); heterogeneous population (discrepant definitions for refractory ascites and AKI, and different NSBB doses); lack of information on titration strategy, and policy for stopping/resuming NSBBs.
Moreover, these studies have an important inherent bias when comparing patients receiving NSBBs or not. Patients on NSBBs tend to have more advanced cirrhosis and higher prevalence of high-risk varices than those not receiving NSBBs. This bias is difficult to avoid without randomisation, despite the use of propensity scores or multivariate analysis. 86 Nevertheless, evidence from these studies strongly suggests that NSBBs are not absolutely contraindicated in patients with ascites, refractory ascites, SBP and ACLF, [76] [77] [78] and 3 independent metaanalyses confirmed this data. 83, 84, 87 Non-response to non-selective beta-blockers Currently with carvedilol as an alternative to propranolol, only a small proportion of patients remain haemodynamic nonresponders. Since measurements of HVPG are not done routinely in clinical practice, the decision to use NSBBs is based on its known beneficial effects and the absence of contraindications. The advent of agents more effective than propranolol, such as carvedilol, could potentially render haemodynamic monitoring unnecessary even in clinical trials. Noninvasive markers to monitor beta-blocker response are still currently unavailable.
For secondary prophylaxis, in patients receiving NSBBs plus EBL (complemented or not with low doses of a lipophilic statin, such as simvastatin), TIPS is the best rescue treatment. Primary prophylaxis failures treated with either NSBBs or EBL have no current recommended treatment option due to the lack of RCTs in this setting. De Souza et al. 88 analysed 89 patients and found an increased risk of rebleeding and death in patients with an index bleed while under NSBBs. These patients (clinical NSBB non-responders) might benefit from more aggressive therapy, such as TIPS, particularly if the patients have high-risk features, namely, ascites or portal vein thrombosis, and an absence of contraindications. 24 
Conclusions
In summary, the indication to start NSBBs has expanded recently beyond the setting of PH-associated bleeding to prevention of decompensation in patients with compensated cirrhosis. Doses must be titrated and re-evaluated in all patients, particularly those with decompensated cirrhosis and with deteriorating liver failure. Data from observational studies are contradictory regarding the safety of NSBBs in patients with refractory ascites or infection. Future RCTs should include patients with decompensated cirrhosis to assess efficacy, dose tolerance limits, and safety.
Abbreviations
ACLF, acute-on-chronic liver failure; AKI, acute kidney injury; ALD, alcohol-related liver disease; ARD, absolute risk difference; AV, atrioventricular; EBL, endoscopic band ligation; GOV, gastroesophageal varices; HRS, hepatorenal syndrome; HVPG, hepatic venous pressure gradient; IGV, isolated gastric varices; IRR, incidence rate ratio; ISMN, isosorbide mononitrate; MAP, mean arterial pressure; NASH, non-alcoholic steatohepatitis; NNH, number needed to harm; NNT, number needed to treat; NR, not reported; NSBBs, non-selective beta-blockers; OR, odds ratio; PH, portal hypertension; PHG, portal hypertensive gastropathy; RCT, randomised controlled trials; RR, risk ratio; SBP, spontaneous bacterial peritonitis; SCL, sclerotherapy; TIPS, transjugular intrahepatic portosystemic shunt.
Financial support
The authors received no financial support to produce this manuscript.
